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Abstract

This paper discusses problems of synthesizing tu-
torial discourse in an intelligent tutoring system,
Circsim-Tutor, designed to help first year medical
students solve problems in cardiovascular physiol-
ogy involving the negative feedback system that
controls blood pressure. In order to find out
how human tutors handle discourse problems we
have captured both face-to-face and keyboard-to-
keyboard tutoring sessions in which two of the au-
thors (JAM and AAR) tutor their own students.
This paper focusses on the ways in which tutors
tell students that they have made an error. We
describe a classification scheme for negative ac-
knowledgments and examine the frequency with
which different types of acknowledgments occur
in face-to-face and keyboard-to-keyboard sessions.
Our tutors seem to make more explicit negative
acknowledgments than do the tutors studied by
Fox, but their acknowledgments often lead into
hints that help the student continue forward in the
problem-solving process. We have collected initial
data about the ways in which our tutors combine
hints and negative acknowledgments.

Introduction

We are building an intelligent tutoring system that
carries out a tutorial dialogue with first year med-
ical students, helping them to understand the neg-
ative feedback system that controls blood pres-
sure, guiding them in building a qualitative, causal

*This work was supported by the Cognitive Sci-
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No. N00014-89-J-1952, Grant Authority Identification
Number NR4422554, to Illinois Institute of Technol-
ogy. The content does not reflect the position or policy
of the government and no official endorsement should
be inferred.
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mental model of the system. With the goal of
understanding how human tutors generate tuto-
rial dialogues in this situation, we have captured
both face-to-face and keyboard-to-keyboard tutor-
ing sessions, each lasting an hour or more. The
tutors are professors of physiology at Rush Med-
ical College; the students are first year medical
students from their classes. Analysis of the tran-
scripts of these sessions is the basis of our attempts
to generate tutorial discourse, but we find a num-
ber of serious problems as we attempt to produce
natural dialogue.

The tutorial repair processes described by Fox
(1988) seem extremely complex. Therefore, we are
attempting to avoid repair by studying the sources
of repair situations and avoiding them. In our
transcripts the most common source of conversa-
tional misunderstanding is vague “how” questions
from the tutor. We are trying to generate more
specific questions.

Recognizing student initiatives and figuring out
how to respond to them can be very difficult. At
this point we can respond to requests for basic in-
formation (“What is cardiac contractility?” or “I
don’t understand cardiac contractility.” ), but more
complicated initiatives are met with confusion on
the part of the system (“ I’m sorry, I don’t under-
stand you. Please rephrase.”) Investigating tutor
responses to student initiatives, we found that tu-
tors always respond to these initiatives to some
extent (Sanders et al., 1992). An initiative from
the student that is relevant to the tutor’s current
agenda results in a modification of the plan to in-
corporate the issue raised by the student. Other
student initiatives evoke only a brief response, fol-
lowed by a return to the tutor’s agenda. Revela-
tions of serious misconceptions change the tutor’s
agenda to elimination of the misconception.
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One of the first problems that became clear as
students actually used our system is that the neg-
ative acknowledgments it delivers are crude and
heavy-handed. A study of negative feedback in
our human tutorial dialogues showed that our tu-
tors use a wide variety of tactics. We describe
ten categories of negative acknowledgments below
and give the frequencies with which they appear
in four face-to-face and four keyboard-to-keyboard
sessions. Our tutors are much more likely to de-
liver explicit negative information to their students
than those studied by Fox (1988). They use a di-
rect negative (such as “No” or “Wrong”) about
25% of the time as well as direct contradictions of
what the student has just said another 10% of the
time. Recent work on hints (Hume et al., 1993)
has revealed that our tutors often combine neg-
ative acknowledgments with hints. We describe
these combined structures briefly.

Negative Acknowledgments

The goal of this project was to look at human-to-
human tutoring sessions and determine how neg-
ative acknowledgments are made. Whatever the
findings, we wanted to design the natural language
interface for Circsim-Tutor to reflect them as much
as possible.

Methodology

We began by selecting four face-to-face and
four keyboard-to-keyboard sessions that were con-
ducted using the protocol used in Circsim-Tutor
to enable consistent analysis and comparison. The
face-to-face sessions were audio-taped and tran-
scribed by a secretary. The keyboard-to-keyboard
sessions were captured using our own Computer
Dialogue System (Li et al., 1992). The tutor and
the student were seated at PC’s in different rooms;
the PC’s were connected via a telephone line using
the Hayes Smartcom III package. The students
were currently taking the course that the system
is designed to support; they were fully aware that
the tutor was one of the professors teaching the
course. Using the two types of sessions, face-to-
face and keyboard-to-keyboard, based on the same
protocol enabled us to compare how tutors and
students handle negative acknowledgments in the
two types of sessions.

We began by identifying all negative acknowl-
edgments in the eight sessions (F4-F7 and K25-
K28). After a lot of discussion we set up the ten
categories of negative acknowledgments shown be-
low. The next step was to classify the acknowledg-
ments using these categories (Spitkovsky & Evens,
1993).

Categories are ranked according to severity
starting with error response category 1, the most
severe negative acknowledgment, and ending with
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category 10, the least severe. In case of doubt,
the classifier was instructed to choose the more
negative of two adjacent categories. Some of the
difficulties in classification arise because negative
responses can be in response to all or part of a
student’s question/answer/statement. There may
also be multiple error response categories con-
tained in one “continuous” response by the tutor.
This is certainly not a true one-dimensional scale,
however. We are particularly interested in Cate-
gory 4, which contains comments by the tutor on
the language used by the student.

Negative Acknowledgment Categories

1. Direct Negative Response

The tutor responds with a direct negative re-
mark containing an obvious negative keyword,
such as Wrong, No, Nope, Incorrect. This cat-
egory tells students they are wrong in the most
severe way. The negative keyword is one of the
first words in the response, often the very first. It
is often followed by a question or an explanation.
For example:

Tutor: Do you know a formula that gives you a
deterministic statement about mean arterial pres-
sure?

Student: Diastolic volume minus end systolic
volume?

Tutor: No, that would tell you stroke volume.
2. “Indirect” Direct Negative Response

This is the same as the direct negative re-
sponse, but without the negative keyword. For
example:

Student: because your body always needs the
same amount of blood with oxygen.

Tutor: Well, first of all, what you said isn’t
really correct.

3. Procedural Correction

The student is going about something wrong.
Any procedural error should be placed here regard-
less of severity. For example:

Tutor: (Asks what parameter student will pre-
dict next.)

Student: SV

Tutor: In order to predict a parameter, you
have to have to predicted its determinants.

4. Confusion Condemnation

The student seems confused and is given a dis-
tinctly negative response by the tutor. Negative
remarks about a problem with language, or a lack
of distinction of different terms are classified here.
For example:

Student: It seems to me with sympathetic you
want more blood flow.

Tutor: With sympathetic you want more blood
flow? I don’t know where the want comes from!



5. Repeat Student Answer - Usually Fol-
lowed by a Statement or Explanation

This category carries a strong negative impli-
cation while also providing an opportunity to con-
tinue the session without the abrupt change in the
course of conversation characterized by the above
categories. For example:

Tutor: What does cardiac output do to the vol-
ume of blood in the central venous compartment?

Student: It’s increasing it.

Tutor: It’s increasing it? It seems to me that
every time the heart beats, it’s pulling a stroke
volume of blood out of the central venous com-
partment.

6. Ask a Question or Make a Statement
Giving a Negative Implication

This category leads students to the answer in
a way that encourages student discovery. It can
be difficult to tell if the acknowledgment is really
negative, since an instance of this can be disguised
as an answer clarification. This is the category in
which to classify “repairs,” where one person does
not understand the other and an attempt is being
made to reach an understanding.

Tutor: Well, what is the reflex attempting to
do?

Student: It’s attempting to lower the heart
rate, I would imagine back to normal.

Tutor: Is it the heart rate that’s under control?

Student: No, obviously not.

7. Repeat Current or Previous Student An-
swer and Ask Question Based on it

This is the first category where it may not be
immediately clear to the student when he or she
is wrong, since the tutor could just be testing the
student’s confidence in his or her answers.

Tutor: (After an extended discussion) You pre-
dicted that cardiac output would stay the same.
You predicted TPR would go up. You predicted
MAP would be zero. Is that possible?

8. Tutor Steers Student to Discover He or
She is Wrong

The tutor doesn’t immediately tell the student
he or she is wrong. The tutor may just want the
student to justify an answer. For example:

Tutor: What did you predict cardiac output
would do?

Student: I would say it wouldn’t change.

Tutor: Why do you say that?

9. Prompt for Additional Information

The student has not made a complete answer
and is prompted for more, when the student is on
or close to being on the right track.

Tutor: What determines the pressure in the
central venous compartment?

Student: The amount of blood that’s in there.

Tutor: And?

Student: I guess the peripheral resistance.
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10. Minor Clarification by Tutor

In this category the answer is mostly correct
or just unclear and is clarified with a statement by
the tutor. The session usually continues as if the
answer were correct.

Tutor: Do reflexes fully compensate for a dis-
turbance?

Student: I don’t know. That’s what I was pre-
dicting, but maybe not.

Tutor: They do not. (The tutor then moved
on to the next topic.)

Results

There are 103 negative acknowledgments in the
face-to-face sessions and 36 in the keyboard-to key-
board sessions, for a total of 139. If you look only
at the number of negative acknowledgments per
hour, then you may conclude that negative ac-
knowledgments occur more often in the face-to-
face sessions. This is the wrong way to look at
the data, we think. It seems more reasonable to
look at the number of negative acknowledgments
per turn. There are three to four times as many
turns in an hour long face-to-face session as in an
hour long keyboard-to- keyboard session. (These
sessions behave like those we reported in Seu et
al., 1991). If we look at the number of acknowl-
edgments per turn, we see that explicit verbal ac-
knowledgments occur more often in the keyboard
sessions.

Discussion

It is not clear whether these categories are sta-
ble or not. We need to examine more transcripts
to see whether all the negative acknowledgments
that we find fit into these categories. Clearly,
we need to perform a serious inter-rater reliabil-
ity study as well. So far, another member of the
team has gone through the tutoring sessions and
used the above categories to classify the negative
acknowledgments. The result showed 67% agree-
ment. This leaves disagreement about 33% of the
responses, almost all involving adjacent categories.
We hope that this means that we can collapse some
categories.

Hinting

Our tutors (JAM and AAR) feel that hints are an
essential part of tutoring, and they make frequent
use of this strategy. We set out to understand the
hinting process better so that the Circsim-Tutor
might simulate hinting. We began by analyzing
the transcripts of nine two hour long keyboard ses-
sions.

Analyzing the transcripts of nine tutoring ses-
sions resulted in two broad hint categories. Hints
either directly convey information to the student



Table 1: Negative Acknowledgments in Face-to-Face and Keyboard Sessions

Face-toFace Sessions Keyboard Sessions
CAT | F4 | F5 | F6 | F7 | FTOT | FPER | K25 | K26 | K27 [ K28 | KTOT | KPER | TPER
1 7 il 2] 1] 20 26% 2 2 0 3 i 19% 24%
21 A1 21 31 3 7 7% 1 0 0 0 1 3% 6%
3| 1 1 1 1 1 4% 1 2 2 0 8 22% 9%
4 1 1] 0] 4 6 6% 0 0 0 0 0 0% 4%
5] 0] 21 0] 0 2 2% 0 0 0 0 0 0% 1%
6 |t 12003 [and 26 25% 1 4 1 2 8 22% 24%
7] 1 1] 0] 2 1 4% 1 1 2 2 6 16% %
8 8 4 2 1 15 14% 0 0 | 0 1 3% 12%
9 o 1] O[] O 1 1% 0 0 0 0 0 0% 1%
10] 5[ 3] 2] 1 11 11% 2 1 1 1 5 13% 12%
TOT [ 30 | 34 | 12 | 27 103 11 10 7 8 36

(ci-hints) or point to information (pt-hints). These
two hint categories may be further broken down.

CI-Hinting Categories

Al Summary and Question

This kind of hint is a review of previous mate-
rial in the tutoring session followed by an explicit
question.

A2 - Summary and Implied Question

Same as Al except that there is an implicit
question in the hint.

B1 - Explanation and Question

This kind of hint is an explanation of informa-
tion in the knowledg base followed by an explicit
question.

B2 - Explanation and Implied Question

Same as Bl except that there is an implicit
question in the hint.

Cl1 Explanation/Summary and Question

This kind of hint contains a summary of previ-
ous dialogue along with an explanation of informa-
tion in the knowledg base followed by an explicit
question.

C2 - Explanation/Summary and Implied Ques-
tion

Same as Bl except that there is an implicit
question in the hint.

PT-Hinting Categories

D - Question, Explicit or Implied

In this hinting style, the tutor asks a question
in hopes that the student can discover the solution
to the problem using known information.

E - Reply to Student Question with a Question

In this category, the tutor tries to get the stu-
dent to answer his or her own question.

})? Partial Acknowledgment (positive or nega-
tive
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The student has partially answered the ques-
tion, but has either forgotten something or incor-
rectly stated part of the answer.

G - Summary of Implications of Incorrect Stu-
dent Response

This kind of hint uses the student’s responses
to show that following this logic contradicts some
previously established rule or fact.

Combining Hinting with Negative
Acknowledgments

Hume and others (1993) studying hints in our
transcripts became convinced that our tutors of-
ten combine negative acknowledgments and hints.
To discover how these processes interact, we be-
gan by identifying the negative acknowledgments
in the nine keyboard sessions used in our initial
research on hints.

Table 2 shows the frequency counts for turns
in which negative acknowledgments and hints co-
occur. An extra column called No NA (No Neg-
ative Acknowledgment) has been added to record
the number of hints that occurred without neg-
ative acknowledgments. This category includes
hints that appear in response to a student ques-
tion. The ColTotal row gives column totals. For
all but the last column this number can be thought
of as “total combined hints and negative acknowl-
edgments.” An extra row called No Hints has
been added to record the number of negative ac-
knowledgments that did not lead to a hint. This
category includes those negative acknowledgments
where the student was so off the mark the tutor de-
cided an explanation was in order or the student
was almost right and only a slight clarification is
needed. There are also occasions when the tutor
stops hinting because the student seems to find
hints confusing.



Table 2: Combining Negative Acknowledgments and Hints

Negative Acknowledgment Categories

HntCat | 1| 2| 3[4([56[ 67| 8] 9] 10 [ RowTotal | No NA
Al Of o] T[ofJO] 4[3] O] O] O 8 7
A2 of of ofo]JOf O[L] O] O] O 1 0
B1 JddeBilbad Ll [0l | U 084l (410 41 14
B2 o 3 I O T I 0 e o o o 3 ) D ) 13 2
Cl Uil 0 sl b dn 02 205]c 60 | 2 1400 1104, 0 2 1
C2 Of 0of 0jJOofO] O[O] O] O] O 0 3
D 3] 2] 5[2]0118[0] 6] 8] 0 44 39
E O 0Of OjJOjJO] O|Of O] O] O 0 2
F o[ o] ofofJo] ofo] Oof10] © 10 0
G 0] of 0OJoJoOo] 3[3] O] O] O 6 1
ColTotal [19 |14 [11[5]0[33[9[12[22] O 125 69
NoHints [ 19| 6| 7[0[0[22 2| 5] 3| 8 72

Results

As Table 2 shows, there are 125 cases where hints
and negative acknowledgments are combined. In
the eight keyboard-to-keyboard tutoring sessions
analyzed here (each two hours in length, our num-
bers K30-K38), there are 197 negative acknowl-
edgments and 194 hints. Thus, if we look only at
negative acknowledgments for a moment, out of
the total of 197, 125 (63%) were combined with
hints.

Hinting in a tutoring session can occur after a
negative acknowledgment or in response to obvious
student confusion or an explicit student initiative.
Therefore, many hints were not associated with
a negative acknowledgment. Equally, negative ac-
knowledgments do not always lead into hints. This
is because the tutor can give a negative response
and follow it up with an explanation or just a sim-
ple statement of fact.

The table also makes clear, in case it was not
obvious a priori, that we need to analyze much
more data. The data used here is from only nine
two-hour tutoring sessions so there are limited oc-
currences of many of the hint and negative ac-
knowledgment categories. In fact, in the tutoring
sessions used there were no occurrences of negative
acknowledgment type 5 (Repeat Student Answer).

Discussion of the Relationship
betwen Hints and Negative
Acknowledgments

In spite of the limited range of this study there are
a number of observations that can be made.

1. There is a link between Negative Acknowl-
edgment Category 9 (Prompt for Additional Infor-
mation) and Hinting Category F (Partial Acknowl-
edgment). All occurrences of Partial Acknowledg-
ment hints were also categorized as negative ac-
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knowledgments of type 9 (Prompt for Additional
Information). Apparently, a partial acknowledg-
ment is a negative acknowledgment asking for ad-
ditional information. This analysis seems to sug-
gest that the machine tutor should consider giving
a partial acknowledgment hint whenever the stu-
dent modeler detects that the answer just given is
incomplete.

2. Negative Acknowledgment Category 10 (Mi-
nor Clarification by Tutor) is not used with hints.

A minor clarification by the tutor usually con-
sists of the tutor making a brief explanation and
moving to the next topic. We initially categorized
several minor clarifications as being linked with a
variety of hint types, but on a subsequent pass
through the tutoring sessions it was determined
that although the minor clarification and hint oc-
curred in the same tutor turn, they were actually
two separate responses. The minor clarification
explains a minor problem and the hint is the first
step in a move to the next topic of discussion.

3. Hinting type D (Question, Explicit or Im-
plied) seems to be used after any kind of negative
acknowledgment (except negative acknowledgment
type 10). Once an incorrect student response has
been recognized, it makes sense that no matter
how severe the mistake, a question attempting to
get the student to realize the mistake on his or her
own can be appropriate.

4. Hinting type E (Reply to a Student Ques-
tion with a Question) is not used with negative ac-
knowledgments. This observation is certainly de-
batable due to the very limited amount of data
analyzed so far. The argument for it can be sum-
marized as follows: Hinting type E, by definition,
is the tutor replying to a student question with a
question. It does not appear that a student ques-
tion would ever be answered with a negative ac-
knowledgment, since one of the tutor’s goals is to



encourage student questions. Therefore, we sus-
pect that this observation will hold true when more
data is analyzed.

5. Hinting type G (Summary of Implications
of Incorrect Student Response) seems to be linked
with negative acknowledgment types 6 and 7. Neg-
ative acknowledgment type 6 (ask question with
negative implication) or type 7 (repeat current or
previous answer and ask question based on it) both
apply to summarizing or implying the student an-
swer is wrong, which is exactly what hinting type
G does. Therefore, hinting type G can only be
used after a negative acknowledgment type 6 or 7.
So this observation implies that hinting type G is
a subset of negative acknowledgments type 6 and
7.

6. Negative Acknowledgment type 7 only uses
hinting types Al and A2 (Summary with ques-
tion), C1 and C2 (Summary and Explanation with
Question), or G (Summary of implications of In-
correct Student Response) when a hint is used.
Negative acknowledgment type 7 by definition con-
tains some type of summary. Therefore, only hint-
ing types which include a summary can be used
with this negative acknowledgment.

7. Negative Acknowledgment type 6 can use
any hinting type, except type E (Reply to a Stu-
dent Question with a Question) and type F Partial
Acknowledgment).

This observation is not surprising since any
hinting type which asks a question can be used af-
ter negative acknowledgment type 6 (ask question
with negative implication).

Conclusion

While our tutors use a large variety of negative
acknowledgment strategies, they clearly use more
explicit negative acknowledgments than the tutors
studied by Fox. Where could we look for an ex-
planation of these differences? There is certainly a
difference in the social situations underlying these
studies. In the case of the Fox study the tutors
are graduate students hired to help undergradu-
ates through a physics course. Our tutors are pro-
fessors tutoring students who are taking a course
from them that covers this same material. The tu-
tors are also the employers in our situation. The
educational situations are also very different. The
students in our study are older than those Fox ob-
served; they are learning material that is essential
to their performance as professionals. Our tutors
are also more experienced tutors, and we conjec-
ture that experienced tutors are more likely to give
explicit negative acknowledgments.

A set of error response categories has been es-
tablished along with some distribution informa-
tion. Our tutors use somewhat more negative ac-
knowledgments per turn in keyboard sessions than
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they do in face-to-face sessions. Our results, pre-
liminary as they are, also suggest a strong relation-
ship between negative acknowledgments and hints.

What does all this mean for natural language
tutoring systems? We hope that we can use
these results to provide a more natural interface.
Clearly, the instructional planner in a tutoring
system needs rules for negative acknowledgments,
rules for making hints, and rules that combine
these processes.

The next step in this research is to to ana-
lyze more tutoring transcripts. We have 25 more
keyboard-to-keyboard transcripts full of negative
acknowledgments and hints that are not yet ana-
lyzed. We have already started to try to answer the
most obvious question: when do our tutors use a
particular kind of negative acknowledgment? Does
the severity of the negative acknowledgment cor-
respond to the seriousness of the error? If this is
so, the relationship is not immediate and obvious.
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